This study focused on the detection of anti-Neospora caninum IgG antibodies in cows in the dairy farming region of the state of Piauí, Brazil. To this end, serum samples were collected from 255 dairy cows on 17 farms located in the dairy farming region of the municipality of Parnaíba, Piauí, Brazil. The indirect fluorescence antibody test (IFAT) was employed to detect anti-N. caninum IgG antibodies, using anti-bovine IgG (Sigma®) conjugated to fluorescein isothiocyanate (FITC) and a cutoff point of 1:200. Of the 255 samples analyzed, 69 (27.06%) were positive for anti-N. caninum IgG antibodies, the relative frequency found by property was: 1 (20.00%), 2 (53.33%), 3 (46.66%), 4 (53.33%), 5 (26.66%), 6 (6.66%), 7 (6.66%), 8 (20.00%), 9 (26.66%), 10 (26.66%), 11 (20.00%), 12 (20.00%), 13 (46.66%), 14 (26.66%), 15 (26.66%), 16 (20.00%) and 17 (13.33%). with titers of 200 (15.94%), 400 (20.30%), 800 (24.63%), 1600 (23.18%) and 3200 (15.94%), being the highest frequency for the titer of 800. This study demonstrates for the first time that cows from dairy herds of Parnaíba municipality, state of Piauí, are exposed to N. caninum.
Introduction
Neosporosis is a significant protozoan disease of domestic animals and an emerging parasitic disease worldwide. It is caused by the apicomplexan parasite Neospora caninum. Definitive hosts of N. caninum include the domestic dog (Canis lupus familiaris) (MCALLISTER et al., 1998) , the coyote (Canis latrans) (GONDIM et al., 2004) , the Australian dingo (Canis lupus dingo) (KING et al., 2010) , and the gray wolf (Canis lupus) . Domestic and wild mammals are the intermediate hosts of this protozoan organism (DUBEY et al., 2007) .
Neosporosis causes major production and reproduction losses to the livestock industry, especially in cattle farming. Cows infected with N. caninum experience irregular estrous cycles or return to estrus, abortions, and neonatal deaths (DUBEY; SCHARES, 2011 (HEIN et al., 2012; REICHEL et al., 2013) . The global occurrence of N. caninum infection makes this infectious disease one of the main obstacles faced by animal production, especially for the dairy cattle industry. Prevalence rates of neosporosis in cattle may vary depending on the presence of definitive hosts in one particular geographic region and according to environmental factors in each country such as high humidity and high rainfall (DUBEY et al., 2007) .
Over the years, many studies about the seroprevalence of bovine neosporosis have been published by researchers from different parts of the world in which seropositivity rates have varied between 0.7% in Norway (KLEVAR et al., 2010) and 97.2% in Brazil (GUEDES et al., 2008) .
Serological surveys were performed in all regions of Brazil such as Minas Gerais (GUEDES et al., 2008 ), Santa Catarina (LORENZETT et al., 2016 , Pará (MINERVINO et al., 2008) , Mato Grosso (BENETTI et al., 2009 ), Bahia (GONDIM et al., 1999 and Pernambuco (SILVA et al., 2014) . To date, there is only one published serological study of N. caninum infection in cattle in the state of Piauí in the northeastern region of the country. The survey was carried out in the microregion of the city of Teresina. The frequency of anti-N. caninum antibodies in the herds tested was 15.23% (CAVALCANTE et al., 2015) .
Given the paucity of information on bovine neosporosis in the dairy farming region of the state of Piauí, our objective was to study the occurrence of anti-Neospora caninum antibodies in dairy cows in the municipality of Parnaíba, Piauí, Brazil.
Materials and Methods

Study area
The dairy farming area of the state of Piauí, northeast Brazil, is located in the county of Parnaíba, in the coast of the state, at 2°54'14" South latitude, and 41°46"35" West longitude. Approximately 40,000 liters of milk are produced per day in this geographic area. It has an excellent infrastructure which is used by several milk producing counties in the northern part of the state (ARAGÃO et al., 2012) .
Sampling
In this study, a non-probability sampling technique was used for the sake of convenience (SAMPAIO, 1998) . In the present survey, serum samples from lactating Girolando cows were tested for the presence of N. caninum antibodies. These were animals from rural and urban semi-intensive breeding systems located in the county of Parnaíba, where dairy farms of the state of Piauí are located. Samples from 17 farms were analysed. Each farm was provided with a number, i.e. Farm 1 to Farm 17. Serum specimens from 15 animals of each farm were tested. A total of 255 cows were evaluated. The lateral neck of each cow was cleaned with tincture of iodine (antiseptic solution of iodine and alcohol) to disinfect the venipuncture site. Blood was drawn from the jugular vein.
Serum samples were stored in Eppendorf tubes. These specimens were kept frozen until analysed. During the visits to these dairy farms for sample collection, producers received a questionnaire with questions about the presence of dogs in the premise and the occurrence of abortions in the herd.
Serological testing
Serum samples were tested by the indirect fluorescent antibody testing (IFAT) for the presence of IgG anti-N. caninum antibodies according to the protocol published by Dubey et al. (1988) . Anti-bovine IgG (Sigma®) conjugated to fluorescein isothiocyanate (FITC) was used in this assay; 1:200 was the cut-off point established to define test positivity (GONDIM et al., 1999) . Slides were sensitized with N. caninum tachyzoites (Nc-Spain7 isolate) (REGIDOR-CERRILLO et al., 2008) 
Ethical considerations
All research procedures were approved by the Ethics Committee on Animal Use in Research of the Federal Rural University of Pernambuco (CEUA-UFRPE; License no. 119/2017).
Results
The IFAT revealed that 27.06% (69/255) of the samples in this study contained anti-N. caninum IgG antibodies. In relation to the distribution of positive animals there was a considerable variation between the properties with frequencies varying from 6.66% (properties 6 and 7) to 53.66% (properties 2 and 4) of positive animals, the relative frequency found by property was: 1 (20.00%), 2 (53.33%), 3 (46.66%), 4 (53.33%), 5 (26.66%), 6 (6.66%), 7 (6.66%), 8 (20.00%), 9 (26.66%), 10 (26.66%), 11 (20.00%), 12 (20.00%), 13 (46.66%), 14 (26.66%), 15 (26.66%), 16 (20.00%) and 17 (13.33%). Antibody titers varied among the studied herds, with a distribution of 200 (11/69, 15.94%), 400 (14/69, 20.30%), 800 (17/24.63, 24.63%), 1600 (16/69, 23.18%) and 3200 (11/69, 15.94%), with the highest frequency observed for the titer of 800.
Even with the abortions being considered endemic in all herds in this study, in the properties that had animals with higher antibody titers, no outbreaks of abortion were reported. The history of abortion and presence of dogs associated with infection by N. caninum was not statistically analyzed by logistic regression in the risk analysis, since in all properties these events were reported.
Discussion
In the present survey, the detection of cows seropositive for N. caninum by IFAT in all herds tested demonstrates that neosporosis has spread throughout the study area. In this study, 44 animals had titers ranging from 800 to 3200. Titers equal to or greater than 800 are considered high, suggesting active N. caninum infection (DUBEY, 1999; LINDSAY et al., 1999) . All the properties studied had history of abortion or recurrence of estrus, indicating a possible participation of the congenital pathway in the transmission of this protozoan in these properties, and new studies are necessary to determine the real participation of this pathway in the infection by the parasite.
The frequency of seropositive animals in our study -27.06% -was higher than the one reported by Cavalcante et al. (2015) . These researchers used IFAT to detect anti-N. caninum antibodies, and adopted an initial cut-off value of 1:200; 15.23% (64/420) of the animals from the microregion of Teresina, State of Piauí, northeast Brazil, were seropositive for N. caninum. These findings show that the frequency of animals infected with this protozoan organism may vary in different parts of the same Brazilian state.
Similar results were obtained in seroepidemiological surveys about bovine neosporosis carried out by Silva et al. (2008) and Silva et al. (2014) . In the studies conducted by Silva et al. (2008 Silva et al. ( , 2014 in different areas of the state of Pernambuco, northeast region of the country, 31.7% and 6.4% of the serum samples from cows were positive for N. caninum, respectively. In both studies, the same assay -IFAT -and cut-off point -1: 200 -were used.
In other regions of Brazil, lower frequencies of neosporosis were observed in cattle, e.g. in the studies conducted by Lorenzett et al. (2016) in the state of Santa Catarina, south Brazil (7.7%), and by Aguiar et al. (2006) in the state of Amazonas (10.6%), northern region of the country. However, other studies have found higher frequencies of bovine neosporosis including those carried out in central-west Brazil in the states of Goiás (30.4%) (MELO et al., 2006) and Mato Grosso (53.5%) (BENETTI et al., 2009) .
In the Northeast region of Brazil, there are reports of infection by caused N. caninum in cattle in almost all states, such as Bahia (14.1%) (GONDIM et al., 1999) , Maranhão (50.74%) (TEIXEIRA et al., 2010) , Alagoas (7.67%) (SOUSA et al, 2012) , Pernambuco (6.4%) (SILVA et al., 2014) , Piauí (15.23%) (CAVALCANTE et al., 2015) and recently in the state of Paraíba (12.27%) (MELO et al., 2017) . However, in Piauí state there was still no report of the occurrence of this parasite in cows in the state dairy.
The reports of abortion and repetition of estrus, associated with the positive serology and animals with high antibody titers, indicate that this parasite is circulating on these farms and that it should be included in the differential diagnosis of abortion in cattle.
Conclusions
This study demonstrates for the first time that cows from dairy herds of Parnaíba municipality, state of Piauí, are exposed to N. caninum infection.
